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Introduction

Sudden sensorineural hearing loss (SSNHL) is defined as 
hearing loss of more than 30 dB at three continuous frequen-
cies that develops in less than 3 days.1) The annual incidence 
ranges from 5-27 per 100000 of the population.2) Most cases 
are idiopathic; other proposed causes include viral infection, 
vascular compromise, autoimmune disease, and labyrinthine 

membrane rupture.3) Bilateral SSNHL is rarer, representing 
less than 4.9% of all cases, and appears not to be idiopathic 
but rather to reflect a serious systemic pathology. Also, bilat-
eral SSNHL has a poorer prognosis than unilateral SSNHL.4) 
Of the possible causes, bacterial infection is rare, but can be 
fatal. Moreover, sepsis is a very rare systemic bacterial infec-
tion, and to the best of our knowledge it has never been report-
ed to cause bilateral SSNHL. Most reported bacterial etiolo-
gies have been meningitis or infective endocarditis. Eden and 
Cummings5) reported two cases of bilateral SSNHL as com-
plications of bacterial meningitis, and Lau, et al.6) reported a 
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Bilateral sudden sensorineural hearing loss (SSNHL) is rare and usually indicates a serious 
systemic pathology. We describe an unusual case of bilateral SSNHL caused by sepsis. A 
28-year-old female complained of acute-onset bilateral hearing impairment; in addition to 
otological symptoms, she had a systemic condition that met the criteria for sepsis. We per-
formed a physical examination and laboratory tests to diagnose sepsis. Pure tone audiogram 
and videonystagmography were performed to evaluate the otological symptoms. Intravenous 
antibiotics and high-dose methylprednisolone were prescribed for treatment, and audiogram 
was repeated during that period. The fever subsided and the vital signs were stabilized. The 
electrolyte imbalance and abnormal urine parameters became normal. Hearing gradually re-
covered to a normal level on day 7 of hospitalization. In conclusion, sepsis should be consid-
ered as a cause of SSNHL. When conducting a detailed examination of patients with bilateral 
SSNHL, the clinician should consider systemic disease.
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case caused by Staphylococcus endocarditis. Recently, in a re-
port of two cases, Chroni, et al.7) suggested that septic emboli 
might possibly cause bilateral SSNHL. Sepsis is defined as a 
life-threatening organ dysfunction caused by a dysregulated 
host response to infection.8) Cellular reactions and circulato-
ry dysfunctions triggered by invading pathogens may cause 
multi-organ dysfunction, and can thus damage the inner ear. 
Additionally, because sepsis is a systemic disease, the inner 
ear can be affected bilaterally, causing SSNHL. Herein, we 
report a rare case of bilateral SSNHL induced by sepsis and 
the possible mechanisms involved.

Case

A 28-year-old female visited our outpatient clinic with bi-

lateral hearing loss that had developed 3 days prior. She was 
mentally alert but reported whirling vertigo. Her body tem-
perature at the time of the visit was 38.7°C, and she reported 
a fever that had persisted for the past 5 days. Her medical, sur-
gical, and family history were otherwise unremarkable. We 
found no upper respiratory or gastrointestinal symptom, but 
left costovertebral angle tenderness and dysuria were evident. 
On endoscopic examination, both eardrums were normal the 
pure tone thresholds were 49 dB on the right and 45 dB on 
the left, evidencing moderate sensorineural hearing loss. The 
speech recognition thresholds (SRTs) were 48 dB on the right 
and 46 dB on the left. Videonystagmography revealed no ab-
normal nystagmus except for subtle upbeat nystagmus on the 
lean test, left roll test, and both Dix-Hallpike tests, and the ca-
loric response was within the normal range. The video head 

Fig. 1. Results of the vestibular function test. The caloric response was within the normal range. Videonystagmography revealed no 
specific abnormal nystagmus, but subtle upbeat nystagmus was observed on the lean test, the left roll test, and both Dix-Hallpike tests, 
suggesting that the posterior canal may have been affected. The vHIT showed no abnormal saccades and the vestibulo-ocular reflex 
gains were normal. vHIT, video head impulse test.
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impulse test showed no abnormal saccades, and the vestibu-
lo-ocular reflex gains were found to be normal (Fig. 1). After 
diagnosing bilateral SSNHL, the patient was hospitalized for 
further examination and treatment. On admission, her vital 
signs included a low blood pressure (92/63 mm Hg), a high 
pulse rate (123 beats/min), and an upper-normal respiratory 
rate (20 breaths/min). Serological tests revealed that the pe-
ripheral white blood cell (WBC) count was 30.60 ×103/μL, 
the hemoglobin (Hb) level 8.4 g/dL, and the platelet count 
88×103/μL. The C-reactive protein (CRP) level was elevated 
to 96.3 mg/L, and the erythrocyte sedimentation rate (ESR) 
was 117 mm/h. Other laboratory tests indicated liver dysfunc-
tion, an electrolyte imbalance, and abnormal urine (Table 1). 
Escherichia coli was detected in a blood culture that was sched-
uled because of the persistent high fever. These findings meet 
the criteria for sepsis. Because dysuria and left costovertebral 
angle tenderness were present, we suspected that left acute 
pyelonephritis was the cause of sepsis. Treatment proceeded 
after consultation with the internal medicine department. In-
travenous ceftriaxone (2 g q24 h) was given before blood cul-
ture, and intravenous ciprofloxacin (400 mg q12 h) was main-
tained for 2 weeks after the culture results were confirmed. 
The fever gradually decreased and the heart rate recovered to 
a normal level, and the hearing and dizziness gradually im-
proved. On day 4 of hospitalization, after the culture results 
were confirmed and the antibiotics were changed, the fever 
subsided and the systolic blood pressure was maintained above 
100 mm Hg. Also, the dizziness resolved and the nystagmus 
completely disappeared. The electrolyte imbalance returned 
to normal after correction, as did the urine analysis (Table 1). 
The patient had been placed on high-dose methylprednisolone 
(48 mg q24 h) to treat the SSNHL from day 1 of hospitaliza-
tion. As her general condition improved, her hearing gradual-
ly recovered to within the normal range on day 7 of hospital-
ization (Fig. 2). After consultation with the internal medicine 
department, the steroid was stopped early after confirming that 
hearing had been restored, and the patient was discharged af-
ter the end of antibiotic treatment. She is currently undergo-
ing follow-up; no hearing loss or other abnormality has de-
veloped over 3 months from the date of hospitalization.

Discussion

The initial definition of sepsis was developed at a 1992 con-
sensus conference and was based on the systemic inflamma-
tory response syndrome (SIRS).9) SIRS must fulfil at least two 

of the following four criteria: body temperature >38°C or 
<36°C, heart rate >90 beats/min, respiratory rate >20/min or a 
PaCO2 <32 mm Hg, and a WBC count >12000/mm3 or <4000 
/mm3. Sepsis requires both a confirmed or suspected infection 
and SIRS. However, this initial definition did not explain the 
pathophysiology of sepsis, and was inadequately sensitive and 
specific. Many revisions have since been attempted. The most 
recent sepsis criteria were published as ‘Sepsis-3,’ a consen-
sus guideline published by the European Society of Intensive 
Care Medicine and the Society of Critical Care Medicine in 
2016.8) This guideline defines sepsis based on the sequential 
organ failure assessment (SOFA) score (a conventional score 

Table 1. Clinical and laboratory characteristics of the patient

Patient Normal 
valueInitial Day#3 Day#7

Age (year) 28
Sex Female
Height (cm) 150.6
Weight (kg) 47.8
ABGA

pH 7.51 7.35-7.45
pCO2 (mm Hg) 34 32-46
pO2 (mm Hg) 108 80-90
Bicarbonate (mmol/L) 27 23-29
O2 saturation (%) 98.1 94.0-100.0

Laboratory findings
WBC (103/μL) 30.60 19.30 12.43 4.00-10.00
Neutrophil (%) 82.6 78.2 76.8 50.0-75.0
Hemoglobin (g/dL) 8.4 8.8 9.5 12.0-16.0
Platelet (103/μL) 88* 265 342 130-400
ESR (mm/hr) 117 90 61 0-20
CRP (mg/L) 96.3 31.9 9.8 0.0-5.0
Na (mmol/L) 123.2 132.7 136.5 136.0-146.0
K (mmol/L) 2.7 4.5 4.1 3.5-5.1
Cl (mmol/L) 81.4 100.2 106.0 101.0-109.0
Bilirubin (mg/dL) 2.38* 1.08 0.72 0.30-1.20
AST (U/L) 70 49 28 1-37
ALT (U/L) 32 28 16 0-41
BUN (mg/dL) 14.6 10.3 8.9 8.0-20.0
Creatinine (mg/dL) 0.78 0.55 0.58 0.51-0.95

Urine analysis
Urine WBC (/HPF) ＞100 50-99 20-29 0-4
Urine bilirubin 1+ - - -
Urine urobilinogen 2+ - - -

*findings included in the criteria of sepsis. ABGA, arterial blood 
gases analysis; pCO2, partial pressure of carbon dioxide; pO2, 
partial pressure of oxygen; WBC, white blood cell; ESR, erythro-
cyte sedimentation rate; CRP, C-reactive protein; Na, sodium; 
K, potassium; Cl, chloride; AST, aspartate transaminase; ALT, 
alanine transaminase; BUN, blood urea nitrogen
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predicting the prognosis of critically ill patients); specifically 
as an increase of ≥2 points.10) In our patient, fever and in-
creased WBC count were no longer included in the diagnos-
tic criteria and her blood pressure did not meet the criterion, 
in contrast to the initial definition. However, the abnormal 
bilirubin and platelet data were worth 4 points on the SOFA 
score and a pathogen was clearly identified, so sepsis could 
be diagnosed.

To date, no clear association has been identified between 
bilateral SSNHL and sepsis, but several reports have mentioned 
the possibility. Schmutzhard, et al.11) reported that experimen-
tal sepsis caused hearing impairment of the murine cochlea, 
and in a long-term study Cheng, et al.12) observed hearing im-
pairments in septicemia survivors, although these cases did 
not involve sudden onset. In our case, the systemic symptoms 

and hearing loss coincided. Additionally, improvements in the 
fever and the abnormal laboratory findings paralleled the hear-
ing recovery. Therefore, the systemic septic condition may have 
been closely related to the hearing impairment in our patient.

As the general condition of our patient was poor, it was nec-
essary to rule out the possibility of malingering or psychogen-
ic hearing loss when diagnosing bilateral SSNHL. In such a 
case, objective hearing tests such as the auditory brainstem 
response (ABR) or auditory steady-state response test should 
be considered. We planned to perform the ABR test, but did 
not in fact do so because hearing recovered earlier than ex-
pected. However, as the SRT results did not differ significant-
ly from the pure tone thresholds, and as the sequential pure 
tone audiograms were consistent, the hearing results are con-
sidered to be reliable.

Fig. 2. Sequential pure tone audiograms. The audiogram taken at the time of diagnosis revealed moderate, bilateral symmetrical SNHL. 
During treatment, the SNHL of both ears improved gradually as the general condition improved. The hearing improvements were sym-
metrical; the high frequencies recovered faster than the low frequencies. On day 7 of hospitalization, both ears evidenced near-normal 
hearing. SRT results did not differ significantly from the pure tone thresholds. SNHL, sensorineural hearing loss; SRT, speech recognition 
threshold.
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Several mechanisms have been proposed to explain SSNHL 
induced by sepsis. The first is a regional ischemic change caused 
by microcirculatory dysfunction. Sepsis is a complex patho-
physiological process involving both microcirculatory altera-
tions and changes in the biochemical and physiological char-
acteristics of blood constituents.13) Such alterations may trigger 
microvascular changes that affect the blood supply to and oxy-
genation of the cochlea. Arterial hypotension, blood loss and 
anemia, the prone position, and venous congestion may also 
play roles. The cochlea is a highly metabolic organ and is sus-
ceptible to ischemic changes because it only receives blood 
from the terminal artery. Therefore, microcirculatory altera-
tions in a septic patient may increase the risk of SSNHL. Sep-
tic emboli may also cause hearing loss by inducing ischemic 
changes in the internal auditory artery that supplies the inner 
ear. Septic emboli are caused principally by infections develop-
ing after invasive procedures, endocarditis, or deep vein throm-
bosis, and may thus not be the cause of the SSNHL of our pa-
tient. Finally, an infection may spread directly to the inner ear. 
The causative pathogen may reach peripheral organs via he-
matological spread. When bacteria directly invade the cochlea, 
the resulting labyrinthitis may trigger cochlear dysfunction 
and SSNHL. These proposed mechanisms may explain why 
SSNHL was bilateral in our patient, and this case is consis-
tent with previous reports suggesting that bilateral SSNHL is 
more closely associated with systemic disease than unilateral 
SSNHL. Because the bilateral hearing loss of our patient was 
reversible and not profound, the mechanism in play may involve 
microcirculatory alterations and septic emboli rather than di-
rect bacterial invasion. Such changes affect not only the co-
chlea, but also the vestibular organs. The subtle upbeat nys-
tagmus may be attributable to an effect on the posterior canal, 
which shares its terminal vascular supply with the cochlea. It 
is important to note that although sepsis patients rarely visit 
hospital with hearing loss as a main symptom, such loss re-
mains possible in young healthy patients without underlying 
disease. Therefore, in patients with bilateral SSNHL, it is nec-
essary to consider a possible underlying systemic disease.

The use of antibiotics was essential in our patient, because 
the bilateral SSNHL was triggered by sepsis. However, the use 
of steroids is controversial. Lefering and Neugebauer14) report-
ed that steroids were appropriate for patients with gram-neg-
ative septicemia, and a recent study found that corticosteroid 
therapy significantly improved the outcomes (and reduced the 
mortality) of patients with sepsis.15) Many studies have shown 
that steroids aid recovery from SSNHL. Therefore, the use of 

steroids in patients with sepsis is worth considering after con-
sultation with an internal medicine specialist.

Based on our experience and literature review, sepsis should 
be considered as a possible cause of SSNHL, particularly bi-
lateral SSNHL. When conducting a detailed examination of 
patients with bilateral SSNHL, the clinician should consider 
the possibility of an underlying systemic disease.
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